Water resources accounting aims to objectively evaluate the contribution of water to economic and social development and the negative effects of water utilization of economic social on water resources, through the establishment of the relationship between water and the economy. The computable general equilibrium (CGE) model contains water information is an ideal way to establish this relationship. Based on the comprehensive analysis of the CGE model in the field of water resources application methods, the paper proposes that water resources information can be built into the CGE model in the form of production factors and industry sectors, in order to truly establish the relationship between the water resources account and the national economic account. The CGE model for water resources accounting was built, on the data basis of the social accounting matrix (SAM) containing water resources accounts, by setting the economic subject, assuming the equilibrium relationship, and creating the computing functions. The study has realized the convergence of water resources and national economic accounting system, will enrich the research content of water resources accounting system, provide a reference for other resource special accounts and comprehensive environmental economic accounting, and some services for strict management and policy development of water resources. _________________________
INTRODUCTION
The concept of sustainable development was presented for the first time in Our Common Future Report by the World Commission on Environment and Development in 1987. It was gained broad consensus from the international community. Resources and environment are faced with two problems under the idea of sustainable development. One is the depletion of natural resources, which mainly related to the continuous consumption and sustainable utilization of resources and energy. Another is the impact of environmental degradation, which mainly involving the impact on the environment and ecological system generated from the sewage, waste gas and solid waste emissions. However, the traditional calculation method neither can reflect the negative problems in the process of economic development, nor do the real benefits of comprehensive cost paid by the human society. Under this background, the United Nations began to study the establishment of the System of Integrated Environmental and Economic Accounting (SEEA), also called the Green National Economic Accounting, or Accounting of Resources, Environment and Economy. It is based on the System of National Accounts (SNA), and the influence of human activities on natural resources is considered in the comprehensive accounting of resources. At the same time, the natural resources depletion cost and environmental pollution cost shall be deducted reasonably in the environment and economy activities [1] . As a matter of fact, the establishment of a comprehensive system of environmental and economic accounting is a complex and systematic project. So the coordination of interdisciplinary and cross departments is needed. Facing with these difficulties, as a result, thematic Accounting Studies on forests, minerals, land and water resources are being developed.
System of Environmental and Economic Accounting for Water (SEEAW), referred to as water resources accounting, is a comprehensive accounting for the water resources and water economic activities with the basic framework of integrated environmental and economic accounting [2] . Water resources accounting is an effective tool for the comprehensive management of water resources and can provide scientific and comprehensive information support for macro decisionmaking. Water information and economic information are combined, and the water supply and the economic and social water demand are all considered comprehensively.
In recent years, the related researches on water resources accounting have been paid more attention and carried out successively in China. The framework of accounting has been basically formed with the foundation of certain theories, methods and practical application. Its theoretical foundation is weak and lack of necessary technical support, especially in the quantitative technique of water resource depletion and water environmental degradation, the accounting technique of water resources value, and the relationship between water resources accounting and national economic accounting are supposed to further study. Therefore, how to combine the existed national economic accounting and water resources accounting to establish the relationship between economic information and water resources information. The problems of water resources depletion and water environmental degradation caused by the economic development, as well as the contribution of economic society from water resources. The resolution of these issues has become a very important and urgent the task to support the sustainable management of water resources.
The Computable General Equilibrium (CGE) has become a major international popular tool for the analysis of quantitative economics and public policy since 1970s. The application of CGE in national economic, trade, environment, finance and taxation, public policy is very widespread. The mutual relationship between the various sectors of the national economy and accounts, the effects from policy and economic activities can also be described, simulated and predicted by CGE. Therefore, it is an ideal method to establish the relationship between water resources information and economy information, to carry out related policy analysis of water resources and water management, and to construct CGE model including water resources information.
STUDY DOMESTIC
The application of CGE in the field of water accounting is based on the SEEA and SEEAW theory, and the model is regarded as the technical support. It can be used in quantitative assessment of water resources depletion, degradation of water environment value, and to build the relationship between the national economy and water statistical information. And then the factors of disturbance of the national economic system from water resources can be simulated, and the water resources policy can be analyzed.
ENVIRONMENTAL AND ECONOMIC ACCOUNTING (SEEA)
Since 1970s, many countries and international organizations have carried out the research and practice of SEEA theory exploration, such as Norway [3] , Canada [4] , South Korea [5] , Philippines [6] , and the European Union [7] , the World Bank, the United Nations [8] and other international organizations. In the development process of SEEA, the United Nations and other international organizations have played an important role. The practical development needs and practical experience of countries were integrated and sum up constantly by the United Nations Statistics Division (UNSD). The exploration of SEEA started late in China, and its development process can be divided into three stages. (1) Introduction and digestion stage (from early 1980s to early 1990s), mainly included some basic research work, such as Norway natural resources accounting and analysis [9] and other translation of research report. The research group of resources accounting and bringing it into the national economic system was established by the State Council Development Research Center in 1988. And the economic loss measurement research on economic loss mainly caused by environmental pollution and ecological damage in China. (2) Practice exploration stage (from the beginning of 1990 to 2003), mainly included theoretical research and a series of practical work. Such as the national ecological environmental cost accounting research [10] ; the calculation and research of the economic loss of China environmental damage from China Academy of Social Sciences China [11] . The sustainable development of the green accounting research from Peking University took Ningxia as the pilot of accounting. Preliminary Design Scheme of Environmental Resource Accounting Scheme Based on Satellite Account was put forward by China Environmental Planning Institute to carry out the sustainable development of economy and environment index system research [12] . The physical quantity of natural resources accounts, as a subsidiary account, was added into Accounting System of China National Economy On the whole, no country has yet set up a real and comprehensive economic account of resources and environment. The main difficulties are as follows: ① Quantitative evaluation of resources and environment value. The value estimation of resources and environment is quite complex. Although there are many kinds of estimation methods at home and abroad, they are still not mature enough and standardized, and their operation is poor. ② The connection between SEEA and SNA is quite a problem. How to incorporate SNA in resource on the basis of national accounts do not violate the principle of balance and the environment, the logic of anastomosis, and not just the SEEA as a subsidiary or joint account of SNA; ③ The data base is weak, needs more coordination between the departments. SEEA is a complex system engineering, which requires the coordination and coordination of interdisciplinary and cross department. There are many difficulties in data statistics, inconsistent caliber, weak data monitoring and nonstandard technical parameters. ④ Practical difficulties. In addition to the poor operability of technical methods, it is difficult to introduce SEEA in the whole country or in the near future. The emergence of SEEA undoubtedly has a strong impact on the understanding of traditional SNA, and has some limitations in accounting by local government departments and publishing accounting reports on the platform of government [13, 14] .
Therefore, the further development of SEEA must focus on the measurement of resources and environment, and integrate resources and environment into SNA, so as to form a unified accounting of resources, environment and economy. From the international experience, in order to overcome the difficulties of data, we must start from the local accounting or specific resource topics. In the actual operation, the first environmental accounting report published by the research unit of the report form, which can eliminate the interference of local government departments, to ensure that the accounting results of rigorous objective and fair, but also can reduce the pressure on local governments to a certain extent. Then, with a certain period of research, exploration and comprehensive experimental improvement, promote the real implementation of SEEA.
ENVIRONMENTAL AND ECONOMIC ACCOUNTING FOR WATER (SEEAW)
Australia and some European Union countries are regarded as more prominent countries and regions in international research results of water accounting. For a long time, Australian Bureau of statistics has been dedicated to a variety of resources and environmental accounts to establish an integrated information system. The first edition of water resources accounts based on fiscal year 1993-1997 was published in May 2000 [15] . The first edition of 2000 water resources account was published in South Africa in 2004, and as a system of national economy accounting of SAN-1993 satellite accounts, the water flow accounts is the core part, showed the table in the form of water [16] . The EU Statistical Bureau has established a special working group on water resources accounting, the theory and method in the water resources accounting achievements of EU countries and the new discovery can be summarized in a timely manner [17] . Holland Bureau of statistics integrated the information of water resources use linked to water use and water pollution data, and economic accounting system (NAMWA) was constructed [18] . Denmark statistics for the 1994 water resource extraction and utilization of water resources for accounts, investigation and industrial wastewater emissions, the family feasibility study related data account establishment, and through the relevant economic data of 1995-1996 years, a comprehensive description of the water cycle account [19] . In some European countries such as France [20] , Germany [21] , Luxemburg [22] , Finland [23] , Greece [24] , Norway [25] are water resources account related work.
Based on the research and practice in more than 20 countries and regions, "SEEA-Water" (2006) was set out by the United Nations Statistics Division and the London Group on environmental accounting in 2006, and then "SEEA-Water" (2012) was launched in 2012. It has important guiding significance and reference value for the development of water resources accounting in China. Prior to this, China has appeared in the relevant research work of water resources accounting [26, 27] , but the exploratory research was still lack of a certain system. After the "Water Resources Accounting System Handbook (2006)" successful preparation, it played a role in promoting the framework of water resources accounting gradually mature for the research of water resources accounting in China. At the same time, the difficulty of research on water resources accounting problems had been gradually emerged. The theoretical framework of macro environmental accounting was established by Zhang Hongliang through the research on water resources quantity and value accounting [28] . The reform direction in water conservancy of statistical index system was analyzed by Wang Ping through the existing statistical index system [29] . Gan Hong and Gao Minxue put forward specific ideas and basic framework of water resources accounting to carry out the research on water resources accounting of China [30] . Liu Siqing discussed the real content of water resources accounting should be included in the use of accounts, and the relationship between the traditional water conservancy statistics and accounting of water resources supply the use of the account, the supply and use table relationship table flow sum of identity were revealed [31] . The basic concept of water consumption depletion and the calculation and calculation method of water consumption reduction caused by water consumption of human economic and social activities was put forward by Lu Qiong, Gan Hong, et al from water resources [32] . Combined with the water conservancy statistics and the basic framework and existing water resources accounting, many research achievements of water resources physical accounting were formatted [33] [34] [35] . The shadow price of water resource value assessment method was put forward by Gan Hong and Qin Changhai from the water resources of commercial circulation, and the level of river basin water resources depletion costs were estimated and analyzed in 2005 of China [33, 36] .
In a comprehensive way, the theoretical framework of water accounting has been gradually mature. Combined with the framework of water accounting and the existing water conservancy statistical basis, a lot of research results of physical quantity accounting of water resources have been formed. At present, there are many methods of calculating the value of water resources, but these methods are not standardized and unified. Insufficient data support, policy system constraints and other reasons lead to poor operability for many methods. Therefore, the next step should be to strengthen the theoretical and research methods of water resources accounting, especially find a breakthrough in the standardization of value measurement. Sort out the relationships between SNA, SEEA, SEEAW, and establish relationships between the three. Construct the national basic water information platform with the water resources communique, water conservancy statistics, water conservancy census and other work. So as to provide reference for other resource accounting and the establishment of SEEA, and provide support for the strict management of water resources and the construction of water-saving and pollution prevention society.
REVIEW
With the development of SEEA and SEEAW, a relatively mature system framework has been formed, but they are still weak in quantitative evaluation of resources and environment value. Water resources accounting intended to establish the relationship between water and economy, so as to objectively evaluate the contribution of water to economic and social development, and the negative effects of economic and social water on water resources, water environment and water ecology through the integration of the statistical information. Although the research of water resources utilization with CGE has become a hot issue, on the whole is not deep enough; The research and practice of the current SEEAW has formed a system framework is more mature, but heavy volume, light value, quantitative evaluation of the value of environmental resources is still weak, and the relationship between SEEA, SNA is also not clear, and no water resources information penetration into the national economic accounting. Therefore, it's necessary to establish the relationship between economic information related to water resource information, to establish a general equilibrium model containing water information. It can quantitative evaluation about water consumption and water environmental deterioration in the economic output, to explore the elements of water value information into water resources accounting system and the national economy by way of accounting system that can provide technical support for improvement water resources accounting system, and provide reference for the construction of integrated environmental and economic accounting system, provide policy recommendations for sustainable water resources management.
APPLICATION OF GENERAL EQUILIBRIUM MODEL IN WATER RESOURCES FIELD
From the beginning of 1990s, the CGE model has been introduced to the research field of water resources, the scope of the study include water resources price, water resources allocation, water rights and water market and water related policy analysis et al. The key to the application of the CGE model in the water resources field is how to link the water resources problem with the whole economic and social system, that is to say, how to deal with the water resources problem in the CGE model.
(1) Connect Water resources problem with the CGE model. The water consumption of the Department is the necessary constraint for its output, and the water resources control module is added to the ordinary module of the CGE model. By changing the supply of water resources in a department, the economic performance of a department under different water supply scenarios and the macro impacts of water supply change are simulated are simulated. Taking Handan city as an example, making a connection between the water resources and the social accounting matrix, the change in the Department's added value is calculated by variations in water supply. Then the marginal contribution of unit water supply to regional GDP is calculated, and finally the marginal price of water in each department is obtained [37] . Using the same method, the Double-Region CGE model for the water diversion area and the water receiving area of the south to North Water Transfer Project is established. Taking Beijing city as a specific object of study, the water resources supply and demand scenarios are set up to simulate the calculation [38] . The principle of this method is simple and easy to operate, but the water resource is still included in the CGE model in the form of physical quantity. It does not really reflect the relationship between water resources, water environment and economy. That is to say, this method does not really integrate water resources into the national economic accounting system, nor does it complete the unified calculation of physical quantity and value of water resources.
(2) Water related enterprises are built into the CGE model as part of the industry department. Separate water related departments as production departments or enterprises, and built in the social accounting matrix, such as the water production and supply industry and the management of water conservancy, environment and public facilities in the Input-output table. The impacts of different water price policies on agriculture and other sectors in Morocco are studied by using the CGE model. The water management department is built into the model, and it is responsible for the production, distribution and sale of water. At the same time, the water supply is described by the Weibull function [39] . For developing countries, due to the limitation of statistical data, it is difficult to obtain relevant data in the process of building. Moreover, the method ignores the fact that water resource is a basic factor of production. It is more suitable for water resources related departments as the main study object to analyze the impact on other departments.
(3) Water resources as a basic production factor, built in the CGE model. The water resources are regarded as the production factors, and are built into the social accounting matrix. That is to say, the water resources are incorporated into the social accounting matrix in the form of value quantity, and they are used as the basic data for the construction and analysis of the CGE model. This method can not only calculate the change of water resources demand brought about by the development of economy and society, but also deduce the influence of the change of water price on the industrial sectors and the whole economy, as well as a series of economic and social problems arising therefrom. The CGE model is established to study the impact of water market on the national economy in Morocco. The model takes into account the 4 basic factors of production: labor, capital, land and water. The shadow price of water resources is considered as a function of output prices, departmental water allocation quotas, and wage rates [40] . The CGE model, constructed in Egypt, also considers 4 basic factors of production, namely labor, capital, land and water. A combination of elements of land and water resources is synthesized in linear form, and use the CES production function with labor and capital. Because land and water resources are not alternative, only the agricultural sector uses the elements of land and water resources, while other sectors use only labour and capital [41] . Due to the limitations of statistical data, the data used in this method is difficult to obtain, and it is difficult to estimate the value of water resources.
The choice of method is based on the specific issues studied and the availability of data. At present, the application of CGE model in water resources is still in the stage of exploration, and the application case is limited and the method is not perfect. The first method can simulate the economic performance of the Department under different water supply scenarios, and the macro impacts brought by the change of water supply, but the related factors of water resources are still included in the CGE model in the form of physical quantity. The second method has been listed as the intermediate input in the existing input-output table of the 42 sectors in China, but the data is not perfect, and it ignores the water resources is one of the basic factors of production, so this method is more applicable to the relevant departments of water resources as the main study object and research on the influence of other departments. The third method can measure the change of water resources demand caused by the development of economy and society, and calculate the impact of changes in water prices on industries and the whole economy. There are also some related research studies that use water resources as a factor built into the social accounting matrix, but ignore the impact of factor growth on total inputs and total output. Therefore, in order to make the CGE model more widely used in the field of water resources, it is necessary to study and discuss the CGE model of water resources built into the social accounting matrix. In addition, with the continuous development and perfection for the SEEAW, the application of CGE model in water resource field will be more and more extensive.
APPLICATION DIFFICULTIES OF GENERAL EQUILIBRIUM MODEL IN WATER ACCOUNTING FIELD Limitations
Based on the theory of general equilibrium, the CGE model carries out economic policy evaluation by establishing reasonable supply, demand and market relations in the economic system. It is one of the most effective and widely used economic models in the field of economics, and it is an effective tool for studying complex economies [42, 43] , but at the same time, it still has certain limitations.
(1) At present, the application of CGE model uses static model in most cases to investigate the equilibrium for specific period. But because the demand for larger data, there is a great demand for data for such models. In order to reduce the data requirements, the model needs to be calibrated by using an annual reference data to obtain the necessary data, so that the accuracy of the CGE model is often subject to the accuracy of benchmark year data [44] .
(2) The dynamic processing mechanism of the CGE model needs to be further improved. Most of the CGE dynamic models adopt recursive dynamic processing mechanism. Considering the technological change and the change of factors in the model simulation time limit, the mechanism is more suitable for the short-term model, but it is not rigorous enough for the long-term model [45] .
The Key Problem of CGE Application for Water Accounting
The application of CGE model to water resources is not much at present, and the application in combination with water resources accounting is limited. When the CGE model is applied to water resource accounting, the following key problems need to be solved:
(1) The accuracy of water resources basic data needs to be strengthened. Due to the existing measurement basis and management level in China, the water statistics information has some phenomena of repetition and lack of measurement. And even some of the data is difficult to obtain, which makes it difficult to link up with the national accounting data. The high standard data requirements of the CGE model will make an impact on the simulation accuracy of the CGE model. Therefore, in order to improve the accuracy of the data, China should strengthen the water conservancy monitoring ability and statistical system construction, and establish a national basic water information platform.
(2) Strengthen and unify the technology of water resources value evaluation. In order to achieve the unified accounting of water resources and economic and social information, the transformation from physical quantity to value about water resources is the key link. At the same time, it is necessary to consider the value of water resource itself and the actual demand of the market, estimate the market value of groundwater, estimate the value of water consumption and water environment degradation, and so on. Different valuation techniques have great differences in their evaluation results, so it is necessary to verify and study the rationality and consistency of water resources value estimation methods.
(3) The developing countries in different markets exist specific regulatory rigidity. Therefore, when the model is applied to China's imperfect competition market, many hypotheses should be formulated according to the actual situation, and the structuralism characteristics will be introduced into the CGE model [46, 47] . With the development and perfection of the market economy system in China, the construction of water right system has achieved great success, which also brings a better application prospect for the CGE model in the field of water resource accounting.
